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1
VEHICLE APPROACH ALERT DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a U.S. national stage of International
Application No. PCT/JP2013/003121 filed on May 16, 2013

and 1s based on Japanese Patent Application No. 2011-
276000 filed on Dec. 16, 2011, the disclosures of which are

incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a vehicle approach alert
device for alerting in a surrounding area by outputting a
sound from a vehicle that the vehicle approaches.

BACKGROUND ART

Recently, an electric vehicle (1.e., EV) and a hybnd
vehicle (1.e., HV) have a structure for generating a small
noise. Thus, 1t 1s difficult for a pedestrian to find these
vehicles approaching the pedestrian. In order to increase a
recognition degree of the vehicle disposed near and around
the pedestrian or the like, the vehicle approach alert device
for generating artificial engine sound 1s mounted on these
vehicles (see, for example, Patent Literature 1).

The vehicle approach alert device outputs an approach
alert sound such as a pseudo travelling sound via a speaker.
When a sound pressure of an output from the speaker is
large, a noise becomes a problem although a warning
efliciency increases. On the other hand, when the sound
pressure of then output from the speaker i1s small, the
warning eiliciency decreases although the noise 1s reduced.
Accordingly, the sound pressure of then output from the
speaker 1s set with a certain level for satisiying both the
noise reduction and the warning efliciency.

However, the vehicle approach alert device 1s mounted on
the vehicle, so that the speaker 1s mnfluenced by environ-
mental temperature around the vehicle. Specifically, the
speaker 1s arranged on an outside of a compartment such as
in an engine room. The usage temperature range in the
engine room 1s very wide (a width of the range 1s 150° C.)
such as 1n a range between —40° C. and 110° C. Thus, the
influence to the speaker becomes large. For example, mate-
rial of a voice coil 1n the speaker 1s copper. A temperature
coellicient of a resistivity of copper 1s about 4000 ppm/° C.
Thus, the impedance of the voice coil 1s changed about 60%
within the temperature range of 150° C. Thus, the sound
pressure of the output from the speaker 1s shown by a
following equation. Thus, the sound pressure 1s reduced
when the temperature increases. In the temperature range of
150° C., the sound pressure 1s simply reduced by 4 dB
according to only the temperature change.

1/(SPEAKER IMPEDANCE)ot(SPEAKER CUR-
RENT)oec(SOUND PRESSURE OF SPEAKER

OUTPUT) (Equation 1)

Specifically, when a mounting position of the speaker 1s
in the engine room, the sound pressure of sound from the
speaker 1s reduced since the temperature in the engine room
largely increases after and before driving the vehicle. Thus,
the warning efliciency 1s reduced.
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2
PRIOR ART LITERATURES

Patent Literature

Patent Literature 1: JP-2009-35195 A

SUMMARY OF INVENTION

It 1s an object of the present disclosure to provide a
vehicle approach alert device that restricts a change in the
sound pressure of the output from the speaker or the like
caused by temperature change, and restricts the reduction of
the warning efliciency.

According to an example aspect of the present disclosure,
a vehicle approach alert device includes: a microcomputer
having a memory that stores approach alert sound data to be

output, and a signal generator that reads out the approach
alert sound data from the memory and generates an approach
alert sound voltage wavetorm signal indicative of a vehicle
approach alert sound to be output based on the approach
alert sound data. The vehicle approach alert device alerts
approach of a vehicle by outputting the vehicle approach
alert sound from a sound outputting body according to the
approach alert sound voltage waveform signal output from
the microcomputer. The microcomputer further includes: an
obtaining device that obtains a sound outputting body tem-
perature as temperature of the sound outputting body; and a
sound pressure correcting device that corrects a voltage level
of the approach alert sound voltage wavetform signal gen-
erated by the signal generator to be larger as the sound
outputting body temperature obtained by the obtaining
device increases. The signal generator outputs a corrected
approach alert sound voltage waveform signal of the sound
pressure correcting device.

In the above vehicle approach alert device, the voltage
level of the approach alert sound voltage waveform signal 1s
corrected according to the sound outputting body tempera-
ture, so that the sound pressure level of the vehicle approach
alert sound actually output from the sound outputting body
1s constant. Accordingly, the change of the sound pressure of
the outputting sound from the sound outputting body with
respect to the temperature change 1s restricted, and the
reduction of the warning efliciency 1s restricted. Thus, both
of the noise reduction and the warning efliciency are satis-
fied even when the temperature of the sound outputting body
1s changed.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of
the present disclosure will become more apparent from the
following detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a block diagram showing a vehicle approach
alert system including a vehicle approach alert device
according to a first embodiment;

FIG. 2 1s a diagram showing a temperature dependency of
a resistivity of a voice coil 1n a speaker; and

FIG. 3 1s a diagram showing a relationship between
temperature and a sound pressure level.

EMBODIMENTS FOR CARRYING OU'T
INVENTION

First Embodiment

FIG. 1 1s a block diagram showing a vehicle approach
alert system including a vehicle approach alert device
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according to the present embodiment. With reference to the
drawing, the vehicle approach alert system including the
vehicle approach alert device according to the present
embodiment will be explained.

As shown 1n FIG. 1, the vehicle approach alert system
includes various sensors 1a, 15, the vehicle approach alert
device 2 and the speaker 3. In the vehicle approach alert
system, the vehicle approach alert device 2 outputs a pseudo
travelling sound from the speaker 3 as a sound generator
based on a travelling status detection signal transmitted from
various sensors 1a, 15 when the vehicle travels with a low
speed and a low road noise, so that the vehicle approach alert
device 2 alerts a pedestrian or the like around the vehicle that
the vehicle approaches. Here, the vehicle approach alert
device 2 1s separated from the speaker 3. Alternatively, the
vehicle approach alert device 2 and the speaker 3 may be
integrated into one body.

Various sensors 1a, 16 includes a vehicle speed sensor 1a
and a speaker temperature sensor 1b. The vehicle speed
sensor 1s outputs a vehicle speed detection signal of the
vehicle, and the speaker temperature sensor 15 1s attached
to, for example, a periphery of the voice coil of the speaker
3 so that the sensor 15 outputs a temperature detection signal
indicative of the temperature of the speaker 3. The vehicle
approach alert device 2 recerves detection signals indicative
of the vehicle speed and the speaker temperature from the
vehicle speed sensor 1a and the speaker temperature sensor
15. According to the vehicle speed and the speaker tempera-
ture, the device 2 controls to output the sound.

The vehicle approach alert device 2 includes a microcom-
puter 21, a low pass filter (1.e., LPF) 22, and a power
amplifier (1.e., AMP) 23.

The microcomputer 21 includes a memory as a memory
unit 21a and a processing unit. Further, the microcomputer
21 1includes a signal generator 215 for generating an
approach alert sound voltage wavelorm signal. The memory
stores an approach alert sound data such as PCM data, and
a control program for the output of the vehicle approach alert
sound including a correction calculation program associa-
tion with the speaker temperature. Using the stored infor-
mation, the processing unit 1n the microcomputer 21 deter-
mines whether the sound 1s output based on the vehicle
speed indicated in the vehicle speed detection signal, and
turther, reads out the approach alert sound data with a
predetermined replay speed. Further, the processing unit
outputs the approach alert sound voltage waveform signal
corresponding to the approach sound data from the signal
generator 215.

Specifically, the processing unit 1n the microcomputer 21
includes an acquiring unit 21¢ for acquiring the vehicle
speed and the speaker temperature, and a sound pressure
correcting unit 214 for correcting the approach alert sound
voltage wavetform signal to set the sound pressure to be
constant with respect to the change of the speaker tempera-
ture, and for controlling the sound output of the vehicle
approach alert sound according to the corrected approach
alert sound voltage wavelorm signal.

The acquiring unit 21¢ receives the temperature detection
signal from the speaker temperature sensor 15 and the
vehicle speed detection signal from the vehicle speed sensor
1a. Based on these signals, the unit 21¢ acquires the vehicle
speed and the speaker temperature. The sound pressure
correcting unit 214 corrects the voltage level of the approach
alert sound voltage wavetform signal according to the
speaker temperature when the vehicle speed obtained by the
acquiring unit 21¢ 1s smaller than a predetermined speed (for
example, 20 km/h). Specifically, as described later, the unit
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4

21d calculates an amplitude coeflicient k of the approach
alert sound voltage waveform signal. The sound pressure
correcting umt 214 generates corrected approach alert sound
voltage waveform signal by multiplying the calculated
amplitude coeflicient k by the approach alert sound voltage
wavelorm signal, and then, outputs the corrected approach

alert sound voltage wavelorm signal via the signal generator
21b.

Specifically, the temperature correcting unit calculates the
amplitude coethicient k corresponding to the speaker tem-
perature obtained by the acquiring unit 21¢ using the map or
the calculation equation stored in the memory. The memory
stores the calculation equation or the map indicative of the
relationship between the temperature and the sound pressure
level 1in the temperature range, which 1s assumed as the
temperature change at a place where the speaker 3 1s
mounted. The speaker temperature 1s assigned to the calcu-
lation equation so that the amplitude coeflicient k 1s calcu-
lated. Alternatively, the amplitude coetlicient k correspond-
ing to the speaker temperature 1s selected 1n the map.

FIG. 2 1s a diagram showing the temperature property of
the resistivity 1n the voice coil of the speaker. FIG. 3 15 a
diagram showing the relationship between the temperature
and the sound pressure level.

As shown 1n FIG. 2, for example, the material of the voice
coil 1n the speaker 3 1s copper. The temperature coetlicient
of the resistivity of copper 1s about 4000 ppm/° C. Thus, the
impedance of the voice coil 1s changed about 60% in the
temperature range of 150° C.

Accordingly, as shown as a broken line i FIG. 3, when
the voltage level of the approach alert sound voltage wave-
form signal 1s not changed according to the temperature
change, the sound pressure level of the vehicle approach
alert sound actually output from the speaker 3 1s reduced
according to the temperature increase. For example, when
the temperature change 1s in a range between —40° C. and
110° C., the sound pressure level 1s roughly reduced by 4 dB
because of only the influence of the temperature change in
the range of 150° C. Thus, the temperature correcting unit
calculates the amplitude coeflicient k according to the
speaker temperature, and corrects the sound pressure level of
the outputting sound of the speaker 3 by multiplying the
amplitude coeflicient k by the approach alert sound voltage
wavelorm signal. Thus, when the vehicle approach alert
sound 1s output from the speaker 3, the sound pressure level
1s set to be constant.

Specifically, the voltage level of the approach alert sound
voltage wavetorm signal 1s corrected 1n such a manner that
the amplitude coeflicient k becomes larger as the speaker
temperature increases. For example, in a case where the
sound pressure level of the outputting sound of the speaker
3 1s set at room temperature (e.g., around 25° C.) as the
standard temperature, and the sound pressure level at the
standard temperature 1s set to be satisfied with both of the
noise reduction and the warning efliciency, the amplitude
coellicient k 1s set to satisty the equation of “k<1,” and the
voltage level of the approach alert sound voltage wavetorm
signal 1s reduced when the temperature 1s lower than the
standard temperature; and the amplitude coeflicient k 1s set
to satisiy the equation of “k>1,” and the voltage level of the
approach alert sound voltage waveform signal 1s increased
when the temperature 1s higher than the standard tempera-
ture. Thus, although the sound pressure level of the output-
ting sound in the speaker 3 has the temperature property
shown as the broken line i FIG. 3, the sound pressure level
1s corrected to be constant shown as the solid line 1n FIG. 3.
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Although the sound pressure level of the outputting sound
in the speaker 3 1s constant, 1t 1s not necessary to be the same

fixed sound pressure level. Alternatively, the change of the
sound pressure level 1n the usage temperature range 1s, for
example, within a predetermined range (e.g., within 2 dB)
having a certain width.

The LPF 22 corresponds to a filter unit. The approach alert
sound voltage waveform signal output from the signal
generator 215 1n the microcomputer 21 1s input into the LPF
22, so that a noise component having a high frequency 1is
removed, and the approach alert sound voltage waveform
signal after the noise component 1s removed 1s generated.
For example, the LPF 22 stores a voltage, corresponding to
the output from the voltage control umt, 1n the capacitor of
the LPF 22. Then, the voltage 1s output to the amplifier 23.

The amplifier 23 flows current in the speaker 3 based on
the applied voltage from a constant voltage power source not
shown, the current corresponding to the output of the LPF
22. The sound pressure of the outputting sound from the
speaker 3 1s determined by the magnitude (i.e., the ampli-
tude) of the current supplied from the amplifier 23. The
magnitude of the current supplied from the amplifier 23 1s
determined by the wavetorm of the output from the LPF 22
corresponding to the PWM output. Accordingly, the current
to be tlown by the amplifier 23 1s changed according to the
approach alert sound voltage wavetorm signal, of which the
voltage level (1.e., the amplitude) 1s corrected according to
the correction based on the speaker temperature.

As described above, the vehicle approach alert device
according to the present embodiment corrects the voltage
level of the approach alert sound voltage wavetorm signal
according to the speaker temperature, so that the sound
pressure level of the vehicle approach alert sound actually
output from the speaker 3 1s set to be constant. Accordingly,
the change of the sound voltage of the outputting sound from
the speaker 3 association with the temperature change 1s
restricted. Thus, 1t 1s possible to restrict the reduction of the
warning efliciency. Thus, even when the temperature of the
speaker 3 changes, both of the noise reduction and the
warning efliciency are satisfied.

Other Embodiments

In the above embodiment, the sound pressure level of the
vehicle approach alert sound actually output from the
speaker 3 1s fixed or disposed in the predetermined range.
The sound pressure level of the vehicle approach alert sound
may be controlled in accordance with the vehicle travelling
state such as the vehicle speed or the acceleration opening
degree. For example, as the vehicle speed or the acceleration
opening degree increases, the sound pressure level of the
vehicle approach alert sound 1s controlled to be larger. Thus,
the pedestrian recognizes that the approach of the vehicle 1s
tast or the acceleration amount of the vehicle 1s large.

In the above case, 1n general, the vehicle state and the
sound pressure level of the vehicle approach alert sound
have a certain constant relationship. When the speaker
temperature changes, the relationship also changes. Thus, in
this case, the amplitude coeflicient k of the approach alert
sound waveform signal 1s calculated based on the speaker
temperature, and the approach alert sound wavetform signal
1s corrected, so that the vehicle state and the sound pressure
level of the vehicle approach alert sound have a certain
constant relationship.

Further, in the above embodiment, the approach alert
sound wavetorm signal 1itself output from the signal genera-
tor 215 equipped 1n the microcomputer 21 1s a signal, which
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6

1s already corrected. Alternatively, the voltage level of the
approach alert sound waveform signal may be corrected by
an external device of the microcomputer 21. For example, a
voltage control unit 1s arranged on an outside of the micro-
computer 21. The approach alert sound waveform signal
betfore being corrected 1s input into the voltage control unit,
and the microcomputer 21 outputs the control signal corre-
sponding to the amplitude coeflicient k. In this case, the
voltage control unit corrects the voltage level of the
approach alert sound waveform signal based on the control
signal. Thus, similar eflects as the first embodiment are
obtained.

As described in the above embodiment, the wvehicle
approach alert device 2 may be separated from the speaker
3. Alternatively, the speaker 3 may be integrated with the
vehicle approach alert device 2 so that a mechano-electric
integrated type device 1s formed. Here, in case of the
mechano-electric integrated type device, a wiring between
the speaker 3 and the speaker temperature sensor 1s short, so
that the temperature detection error 1s reduced, and there-
fore, 1t 1s preferable.

In the above embodiment, the speaker 3 1s described as an
example of the sound outputting body, and the sound pres-
sure level of the vehicle approach alert sound actually output
from the speaker 3 is set to be constant with reference to the
speaker temperature. Alternatively, other sound outputting
body may be used, and a similar treatment may be executed
with reference to the sound outputting body temperature.

The above disclosure has the following aspects.

According to an example aspect of the present disclosure,
a vehicle approach alert device includes: a microcomputer
having a memory that stores approach alert sound data to be
output, and a signal generator that reads out the approach
alert sound data from the memory and generates an approach
alert sound voltage wavetorm signal indicative of a vehicle
approach alert sound to be output based on the approach
alert sound data. The vehicle approach alert device alerts
approach of a vehicle by outputting the vehicle approach
alert sound from a sound outputting body according to the
approach alert sound voltage waveiform signal output from
the microcomputer. The microcomputer further includes: an
obtaining device that obtains a sound outputting body tem-
perature as temperature of the sound outputting body; and a
sound pressure correcting device that corrects a voltage level
of the approach alert sound voltage wavetform signal gen-
crated by the signal generator to be larger as the sound
outputting body temperature obtained by the obtaining
device increases. The signal generator outputs a corrected
approach alert sound voltage waveform signal of the sound
pressure correcting device.

In the above vehicle approach alert device, the voltage
level of the approach alert sound voltage wavetorm signal 1s
corrected according to the sound outputting body tempera-
ture, so that the sound pressure level of the vehicle approach
alert sound actually output from the sound outputting body
1s constant. Accordingly, the change of the sound pressure of
the outputting sound from the sound outputting body with
respect to the temperature change 1s restricted, and the
reduction of the warning efliciency 1s restricted. Thus, both
of the noise reduction and the warning efliciency are satis-
fied even when the temperature of the sound outputting body
1s changed.

Alternatively, the sound pressure correcting device may
calculate an amplitude coetlicient, which becomes larger as
the sound outputting body temperature obtained by the
obtaining device increases. The sound pressure correcting
device calculates the corrected approach alert sound voltage
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wavetorm signal by multiplying the amplitude coeflicient by
the approach alert sound voltage wavetorm signal before
being corrected. The sound pressure correcting device out-
puts the corrected approach alert sound voltage waveform
signal from the signal generator. In this case, the voltage
level of the approach alert sound voltage waveform signal 1s
corrected, and the change of the sound pressure of the
outputting sound Ifrom the sound outputting body with
respect to the temperature change 1s restricted.

Alternatively, the sound pressure correcting device may
calculate the amplitude coetlicient to set a sound pressure
level of the vehicle approach alert sound actually output
from the sound outputting body to be constant with respect
to a change of the sound outputting body temperature. In this
case, “to be constant” does not mean that 1t 1s necessary to
be the same fixed sound pressure level. Instead, the sound
pressure level may be within a predetermined range having
a certain width.

Alternatively, the obtaiming device may further obtain a
vehicle travelling state. The signal generator changes the
voltage level of the approach alert sound voltage waveform
signal based on the vehicle travelling state obtained by the
obtaining device. The sound pressure correcting device
calculates the amplitude coeflicient of the approach alert
sound voltage wavelorm signal to set a relationship between
the vehicle travelling state and the sound pressure level of
the vehicle approach alert sound actually output from the
sound outputting body to be constant with respect to a
change of the sound outputting body temperature.

While the present disclosure has been described with
reference to embodiments thereof, 1t 1s to be understood that
the disclosure 1s not limited to the embodiments and con-
structions. The present disclosure 1s intended to cover vari-
ous modification and equivalent arrangements. In addition,
while the various combinations and configurations, other
combinations and configurations, including more, less or
only a single element, are also within the spirit and scope of
the present disclosure.

The 1nvention claimed 1s:

1. A vehicle approach alert device associated with a
vehicle for providing a vehicle approach alert sound with
noise reduction and warning efliciency based on temperature
data of a sound outputting body, the device comprising;:

a microcomputer having a memory that stores vehicle
approach alert sound data to be output via the sound
outputting body, and a signal generator that reads out
the vehicle approach alert sound data from the memory
and generates a vehicle approach alert sound voltage
wavelorm signal indicative of the vehicle approach
alert sound to be output based on the vehicle approach
alert sound data, wherein:

the vehicle approach alert device alerts an approach of the
vehicle by outputting the vehicle approach alert sound
from the sound outputting body according to the
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vehicle approach alert sound voltage wavetform signal
output from the microcomputer;

the microcomputer further includes:

an obtaining device that obtains a sound outputting body
temperature as the temperature data of the sound out-
putting body; and

a sound pressure correcting device that corrects a voltage
level of the vehicle approach alert sound voltage wave-
form signal generated by the signal generator to be
larger as the sound outputting body temperature
obtained by the obtaining device increases; and

the signal generator outputs a corrected vehicle approach
alert sound voltage wavelorm signal of the sound
pressure correcting device;

the sound pressure correcting device calculates an ampli-
tude coeflicient, according to the temperature data of
the sound outputting body, which becomes larger as the
sound outputting body temperature obtained by the
obtaining device increases;

the sound pressure correcting device calculates the cor-
rected vehicle approach alert sound voltage wavetform
signal by multiplying the amplitude coefhicient by the
vehicle approach alert sound voltage waveform signal
before being corrected;

the sound pressure correcting device outputs the corrected
vehicle approach alert sound voltage waveform signal
to the signal generator;

the obtaining device further obtains a vehicle travelling
state; the signal generator changes the voltage level of
the vehicle approach alert sound voltage waveform
signal based on the vehicle travelling state obtained by
the obtaiming device; and

the sound pressure correcting device calculates the ampli-
tude coetlicient of the vehicle approach alert sound
voltage wavelorm signal to set a relationship between
the vehicle travelling state and a sound pressure level of
the vehicle approach alert sound actually output from
the sound outputting body such that the sound pressure
level of the vehicle approach alert sound actually
output from the sound outputting body 1s constant with
respect to a change of the temperature data of the sound
outputting body when the vehicle travelling state of the
vehicle 1s smaller than a predetermined speed.

2. The vehicle approach alert device according to claim 1,
wherein the sound pressure correcting device calculates the
amplitude coeflicient of the vehicle approach alert sound
voltage wavelorm signal to control the sound pressure level
of the vehicle approach alert sound actually output from the
sound outputting body to be constant with respect to the
change of the sound outputting body temperature.
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